Conventional and non-inversion tillage systems as a factor causing changes in ground beetle (Col. Carabidae) assemblages in oilseed rape (Brassica napus) fields Abstract Background and purpose: Carabid beetles are among the most important elements of the natural environment's resistance in arable fields. In this paper, the influence of different soil tillage systems on carabid beetle assemblages in oilseed rape plantations was studied.
D
isturbances caused by intensive agricultural practice, such as deep ploughing, are among the most important factors influencing the abundance and species diversity of epigeal fauna including carabid beetles (1) (2) (3) (4) (5) . The effect can be direct, i.e. by the mechanical killing of insects living in soil (6, 7), or indirect, through habitat deterioration (8, 9) . Carabid beetles are very sensitive to various factors (10-12), both caused by human activities (13, 6, 14) and due to the nature of habitats. In crop fields, they are dependent on all agronomic factors associated with the cultivation of plants and on the crops and microclimate in which these useful beetles live (15) (16) (17) .
In this study, the composition and structure of carabid beetles in oilseed rape fields are discussed. In Poland and in many other countries all over the world, oilseed rape is the most important oil plant. In global plant production, oilseeds are second to cereals. Oilseed rape occurs in human food and animal feeds, but it is also used by the chemical industry for production of biofuels, and it is an important honey plant. However, cultivation of oilseed rape requires the use of considerable amounts of pesticides because of a large number of pests (e.g. Melighetes
The main aim of the study was to compare assemblages of ground beetles colonizing fields of oilseed rape cultivated under two different systems of soil tillage -conventional and non-inversion. The following research hypotheses were made: 1) ploughing causes a decrease in abundance and species richness of carabid beetles; 2) in fields under the non-inversion tillage system, which seem to be less severely disturbed owing to a more limited range of farming treatments, there are more large zoophages and fewer hemizoophages and small zoophages, more autumn breeders than spring breeders and more brachypterous and dimorphic carabid beetles. Trophic preferences are an indicator of the beetles' availability and variety. The presence of predators of variable sizes also proves the existence of a rich food base and the occurrence of some disturbance in a field, when one class of ground beetles can survive others. The lare zoophages carabids need stable habitats and may have more available prey in less disturbed soil (19, 20) . The presence of Carabidae in various types of development also reflects cultivation fields conditions. Autumn breeders are more desirable in cultivated fields due to the bigger number of eaten pests associated with their longer time of living. But the larval and pupae stage of autumn breeders which remain in soil for a long time are more subjected to the direct damages of soil cultivation (2, 21) . Additionally, the presence of beetles with differently developed wings can attest to their possible dispersion and colonization of new habitats so as to avoid hazards in the form of agricultural treatments (6).
MAteRIAL And MetHods
The experiment was conducted in northeastern Poland, near Olsztyn. Six fields with oilseed rape under two different systems of soil tillage were chosen. Three of the fields were subjected to conventional soil tillage, with furrow slice turning ploughs followed by a tiller and harrows used to prepare soil for sowing. The other three fields underwent reduced tillage further referred to as non-inversion tillage, where soil was cultivated with special soil mixing aggregates without the turning of furrows or slicing. The soils under plantations were similar and belonged to class IIIa and IIIb according to the Polish arable soil classification system. The oilseed rape fields were surrounded by other crop fields, stretching over the perimeter of about 20 km. The distance between the fields was at least 300 meters. In conventional tillage, ploughing was performed in August, in the year preceding the collection of carabid beetles. Oilseed rape was sown at the end of August in both tillage systems. Modified Barber traps were used to capture insects. In each of the six study sites, six Barber traps were put deep in the fields, at about 20-meter distance from each other. The first trap on each field was placed about 50 meters from the field's edge. The traps were emptied every two weeks. Carabid beetles were caught from April to October 2011, when their activity is high. The seasonal variation was included in the analysis as a season. The traps were removed during harvest and while the soil was tilled for sowing.
The carabid beetles were analysed in terms of their species composition, abundance, richness (as a total number of species) and some life history traits -trophic preferences, type of breeding and dispersal mobility (22). Trophic groups were specified on the basis of various studies (23, 24, 25, 26) : hemizoophagous (eating both -animals and plant food) and zoophagous divided into groups according to their body size: small zoophagous (body length less than 5 mm), medium zoophagous (5.1 -15 mm) and large zoophagous (body length more than 15 mm). They were classified according to development as: autumn breeders that reproduce in autumn and hibernate as larvae, and spring breeders that hibernate as adults and reproduce in spring (27). They were also divided into three groups depending on their mobility: macropterous (fully developed wings), brachypterous (with wings reduced to a various extent) and dimorphic (24, 25) . The Carabidae's life history elements which were taken into consideration describe the best groups of carabids in cultivated fields.
Differences in means of parameters describing assemblages (species abundance and richness and life history traits abundance) were tested using a Poisson generalized linear model (GLM), which included two factors (the soil cultivation system and the sampling period). Indirect ordination of carabid beetle assemblages found at the study area was performed using non-metric multidimensional scaling (NMDS). NMDS was calculated in WinKyst 1.0 (28) on a Bray-Curtis similarity matrix. Data were nontransformed. The significance of multivariance differences among Carabidae assemblages was tested with a non-parametric analyses of variance PERMANOVA (NPMANOVA) tests with 9,999 permutations (29).
ResuLts
In total 9,968 individuals belonging to 56 species were collected ( Table 1 ). The most numerous species living in oilseed rape fields were Poecilus cupreus, Harpalus rufipes, Anchomenus dorsalis and Pterostichus melanarius. P. cupreus reached more than half of assemblages in both systems, and the remaining dominants were the same in the two studied systems of tillage.
Comparing the total number of individuals and the overall richness, we can see that there were more individuals and species in the fields under reduced tillage than in the conventional fields ( Table 1 ). The Shannon diversity index reached a higher value in conventional fields but this Bembidion tetracolum Say, 1823 Impact of tillage systems on carabids in oilseed rape fields result was closely connected with the relatively big number of species relative to the number of individuals ( Table 1) . The abundance and richness of ground beetles significantly depended on arable field treatment and season (Table 2) . There were significant differences in seasonal abundance recorded in the two tillage systems (Figure 1 ). The peakabundance in the non-inverted sites was observed between May and June, whereas in the conventional fields it occurred later and was almost nonexistent. The abundance in the fields under conventional treatment was significantly lower than in the non-inverted ones. There was also a significant increase in species richness in non-inverted sites (Figure 2 ). The combination of treatment and season had no significant effect on the richness of ground beetles ( Table 2 ). The non-metric multidimensional scaling analysis (NMDS) grouped separately assemblages of ground beetles in fields under conventional and non-inversion tillage ( Figure 3 ). The final two-dimensional solution of the NMDS ordination represented a total of 93% of the total variation of the original space at a final stress of 0.06 (Monte Carlo test, P=0.0001). The PERMANOVA test revealed significant differences in the species composition of the ground beetle assemblages in the two types of oilseed rape cultivation (F=10.54; p<0.001).
Analysis of the chosen life history traits of food preference and body size of the carabids revealed statistically significant differences in term of the seasonal presence of the mentioned groups of carabids correlated with the type of soil cultivation (Table 3 ). The highest differences between assemblages were manifested by the highest abundance of medium-size zoophages (Figure 4 ). In the noninversion tillage system, peak abundance of medium-sized zoophages was between May and June; the abundance of this group of beetles in the conventional fields was significantly lower. Hemizoophages were less abundant in the conventionally cultivated fields than in the reduced soil cultivated fields, especially in the middle of July. After summer, the abundance of hemizoophages declined drastically (Figure 4 ). There were no significant differences between the sites with two soil tillage methods in terms of the number of small and large zoophages, however the effect was also dependent on seasonal dynamic (Table 3) .
Having analyzed carabid beetles with different dispersion possibilities in the two types of soil cultivation we noted that macropterous Carabidae dominated in both treatments (Table 3 ). In the non-inversion tillage, they occurred in significantly higher number than in the conventional one. The peak activity was observed at the beginning of June, while a small increase in the activity of beetles was recorded two weeks later under conventional cultivation ( Figure 5 ). Although the abundance of brachypterous carabids differed significantly between the sites in relation to the method of cultivating the soil, their number in the samples was too small to draw conclusions as to the preferred method of cultivating the soil for this group of beetles. The sites with applied tillage had no significant differences in abundance of dimorphic species, 
Diagram of non-metric multidimensional scaling (NMDS) performed on Bray-Curtis similarity matrix of ground beetle assemblages, ni-assemblages of non-inversion tillage, c-assemblages of conventional tillage
but considering both parameters -tillage and occurrence in season -it was statistically significant.
The analyzed occurrence of spring and autumn breeding carabids showed that autumn breeders were represented by smaller number of specimens than spring breeders (Table 3) . However, the significant decrease of autumn breeders in the conventional treatment occurred in the season. The abundance of spring breeders was also lower in sites with the conventional treatment. In the non-inversion system, strong seasonal division between spring and autumn breeders was visible (Figure 6 ).
dIscussIon
Soil is an essential element of agriculture, both for crops and field-dwelling entomofauna. Changes in soil associated with farming can contribute to changes in the species composition of entomofauna living in the soil permanently or during a stage in its development (30, 19, 7, 31) . Disturbances caused by agricultural practice are among the most important factors influencing soil fauna such as ground beetles (1) (2) (3) 5) . Conventional soil tillage using slice furrow inversion with a plough destroys the structure of soil, thereby changing the environmental oc- currence of its fauna (32, 6, 1, 33) . Deep interference into the structure of soil is a factor that disturbs the development of soil-dwelling organisms directly, causing their death or mechanical damage, and indirectly, by modifying properties of the habitat and food availability. Simplified soil technologies, such as non-inversion tillage, can mitigate negative consequences of soil cultivation to soil fauna. However, they are not recommended for growing oilseed rape because they provide fewer opportunities of reducing the abundance of pest insects responsible for yield decline (18). The study confirms that the number of beetles was significantly higher in the fields with noninversion tillage than under conventional cultivation. However, the literature data suggest that the effect of tillage on soil beetles is not clear. Many authors point to the negative impact of conventional tillage on assemblages of beetles, mainly due to the devastating effects of ploughing on soil-dwelling larva, with the resulting reduction in the number and activity of adult insects (13, 34-37, 32, 6, 30, 3, 4) . The reduced activity of carabid beetles in simplified cultivation is also reported (38, 39, 21, 7) . Some authors prove that the method of soil cultivation is not important to the formation of Carabidae assemblages (40) (41) (42) (43) . The study on Carabidae in oilseed rape supports the opinion that deep ploughing had a significant negative effect on the number of beetles. In the case of species richness differences were evident between the sites and especially combining sites and the seasons. Also, the comparison of dominant species in both types of crops showed that they were the same (Table 1) . But the diversity, higher in conventional cultivation, was created by other, less numerous species. This is also visible in the NMDS diagram, which shows different significant assemblages of Carabidae depending on the method of soil cultivation, with greater variation in the case of conventional tillage (larger distances in the first two dimensions). Thus, in terms of protecting plants against pests, the sites with non-inversion tillage system seem to be more favorable because of the higher number of common prey species such as Poecilus cupreus and Pterostichus melanarius (Table 1) . However, higher species diversity, owing to rare species, was observed in the conventional system, which is important for nature conservation. Different results were obtained by Hatten et al. (7), who showed a higher diversity of species in the crop without ploughing. Holland & Luff (1) also claimed that tillage simplifications enhanced the diversity of epigeic arthropods as carabids, which has been confirmed in the current research. The analyzed results of the research show the importance of further study to examine the elaborate dependences of species diversity.
Agricultural practice can influence the abundance, species richness as well as life traits of carabid beetles via soil intervention. Trait specific responses to farming practice become increasingly apparent for a variety of traits and taxa (44). This applies mainly to trophic preferences. Purtauf et al. (45) and Schweiger et al. (46) showed the responses of carabids to management and landscape structure in different trophic groups. It was shown that hemizoophagous were less vulnerable to simplifications then carnivorous species. In this study, the activity of hemizoophagous carabids had a similar pattern in both types of soil cultivation, but their number was higher in the non-inversion sites. The strongest reaction to the cultivation method was shown by medium zoophages. Evidently, their higher number was observed in crops that were grown in unploughed soil. The most desirable group of ground beetles in crops are large zoophages, perceived as a component of the natural, environmental resistance against pests. However, in our study, this group was not numerous and showed no differences between the sites with different method of cultivation. Large zoophages are not common in agrocenoses because of some unfavorable conditions regarding moisture, microhabitats, agrotechnical treatments, etc. Szyszko (47), Blake at al. (48) and Skalski et al. (49) showed that the high level of environmental disturbances caused by human activity affects assemblages of beetles regarding the body size in favour of smaller size insects. This is partly verified by studies in which a low number of large predators and a higher number of medium size zoophages were observed in habitats like fields strongly disturbed by human activity. However, the latter decrease in number when additional disorders such ploughing take place. Ribera et al. (2) and Eyre et al. (5) claimed that the intensity of agricultural management influenced ground beetles, and small species with their high dispersal capability could tolerate more intensively managed areas while larger species were less inclined to flee over larger distances to less affected habitats. In this study, small zoophages constituted a very small group and did not differ between the sites under the different methods of cultivation. However, taking into consideration the dispersion abilities of macropterous carabid beetles, they were far more numerous and less vulnerable to human interference in crops without ploughing. This contradicts the opinion of Shibuya et al (50) that macropterous carabid beetles are more common in disturbed habitats comparing forest and open areas without any land management practice. Brachypterous carabid beetles were very few and, like dimorphic Carabidae, did not show differences in the two methods of cultivation along the seasonal dimension. In respect of the energy budget, autumn-breeders are a more desirable group of Carabidae in fields. They remain in fields much longer than the spring-breeders, so they can contribute to the prevention of pest gradation over a longer period of time. Autumn breeders overwinter as larvae and, as Lovei & Sunderland (10) showed, they are more sensitive to disturbance because of the lower mobility of larvae. In this study, this claim has not been clearly confirmed, as autumn-breeders present in the tested oilseed rape showed no significant differences between the sites grouped according to the method of soil cultivation. It was only after including the second factor, i.e. their presence in season that they gained statistical significance and were significantly more numerous in the sites with non-inversion tillage. However, spring beetles, which have much less time for feeding and reproduction due to the type of development, responded strongly to the method of cultivation, evidently preferring fields without ploughing. As demonstrated by this research, a negative effect on carabid beetles assemblages were noted on the sites with conventional management applied, although, as Holland & Luff (1) emphasize, there can be various causes of differences between ground beetles assemblages, such as prevalent local conditions.
concLusIons
The type of soil tillage may have an appreciable effect on assemblages of ground beetles. Modifications of the soil environment, for example by ploughing, can lead to a decrease in the abundance and richness of carabid beetles.
The use of simplifications like non-inversion tillage enhanced the activity of macropterous, medium-sized zoophages with the spring type of development. The effect of sites grouped according to tillage management was season dependent, also among the less frequently occurring groups of large zoophages and autumn breeding carabids.
